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Public and Private Sector

Participation
Fisheries and Oceans Canada
USGS
EPRI
University of Wisconsin/WDNR
US EPA
US DOE

Academy of Natural Sciences, MD
Minnesota Pollution Control Agency

U. Toronto, U. Quebec, Trent U., U. Alberta
NSERC

Environment Canada

Tetra Tech Inc.

Swedish IVL institute
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Fundamental Questions to be addressed by

METAALICLS

® What is the relationship between the amount
of Hg in atmospheric deposition and the
amount of methylmercury in fish?

® How quickly will the fish Hg levels respond to
a change/reduction in mercury deposition?

® How will environmental factors affect the
magnitude and timing of the response?



We have limited laboratory and mesocosm data,
but what would happen in the real world?
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Observed Walleye Mercury Concentrations for Clay Lake,
Ontario (1970-1983)
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Many of these lakes have similar atmospheric Hg
deposition... Does that mean loading 1s not a factor?

Hg in 41cm walleye for 543 Ontario lakes

3.5
- -3
m - 2.5 -'d;—s
e s B 2 o))
: [
o - -15 T
o)
-1 =
- 0.5
0
92 87 82 77 72
Longitude

Source: Ontario Ministry of Environment and Energy data



RelatiO. hetweenT=Haand MeHain=sturface
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Methylmercury production varies
widely among ecosystems

« There is a significant relationship between Hg and
MeHg in sediments across ecosystems implying that
reduction in Hg deposition will lessen MeHg
production.

However, other factors contribute substantially to the
variability in MeHg production within and among
ecosystems.

Mercury load alone cannot be used to predict MeHg
production with much confidence.




Where does Hg Everglades WCA 2B

. Site 2BS, 12/96
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Ecosystems prone to high MeHg:

 Freshwater wetlands
 Reservoirs

* Freshwater ecosystems affected by
acid deposition

» Ecosystems affected by Hg



Variability in MeHg production among
ecosystems is a function of:

* Hg loading e Sulfur loading
— Atmospheric — Acid deposition
— Point sources — Agriculture

_ — Natural sources
* Basin geomorphology

— Wetland area
— Littoral area
— Watershed area

« Controls on microbial activity
- Temperature
- Trophic status



* Hg methylation is mediated by sulfate-reducing bacteria
* Methylation occurs inside cells
 |Inorganic Hg speciation determines uptake rates by cells

HgS
Hg methylation by HgS’
Desulfobulbus '%4
propionicus Hg-Ligand
Enzymatic
MeHg-Ligand Methylation

MeI!Ig-Ligand

Benoit, J.M., C.C. Gilmour and R.P. Mason. 2001.
Aspects of the Bioavailability of Mercury for
Methylation in Pure Cultures of Desulfobulbous
proprionicus (1pr3). In press. Appl. Environ. Microbiol.



What 1S METAAIICUSY

s ANloading experiment: Vlercury astbeingadded tora
lake andits surroundimg watershed:

ssWet s deposition rateis beingancreased by 4X

ssStable e (1I)nsotopes (non=radioactive)rare being,
used




Ihe experimental Lakes Area Research Facility

i
MANITOBA
ONTARIO
WINNIFEG QLIEBEC
» Pt
ELA
AUNDER BAY
®VIONTREAL
SAULT STE MARIE OTTAWA
U.S.A.

ORONTO
® VIINNEAPOLIS




Lak€658 TR e S
Expaumental I;akes:%rea s

= 4 “-w"

3 157

_ ) haﬂ-r- SR, ) % 152 RN
B s upl.a.nd ACAen . 2 N S

w ll,.,';’___'

7

] PO - , % -
ol L - 83 ha AT -

-Jhawetland = . lake area s, 3 ‘

5

o Nl
ALEA 0 p IR e e e <0

2143

=




METAALICUS is focusing on -
the links between Hg loading -
and fish Hg :




juswiiadxy
A E

(68-2861)
}seod }saM
uapamsg

sope|Bfiang
epLol4

'JuQ ‘19s10q

UISuo9SsIM
‘N

W Background

H Isotope

jualing
- Vi3

How much will wet Hg deposition be increased?




Loading rate ~20 Eg/m2y
Ambient loading ~5 E2g/m? y




Measure Different Contributions to Fish Hg

vAg
202Hg 198Hg <Q>
(Lake) (Wetland) v




S METAALICUS is looking at .... < )&
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METAALICUS in the watershed
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Pilot studies: How much of the added Hg is
exported in runoff from an upland catchment?

Simulated rain application to
create runoff flow:

Mist application to represent
light rain or dry deposition:

~10-17% (Hg, MeHg) of
spike in runoff.

* 0.13% 1in 1999 (one spike
202Hg)

* 0.06% in 2000 (multiple
200Hg spikes)




< Spray tracks (GPS) for
airplane Hg applicatiohg
on May 28, 2002 7




Lake 658 spikes with 2Y?Hg in 2001

Biweekly spiking
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202-MeHg dissolved in Lake 658
June 18 - October &, 2001
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202Hg in lake water

By September, about 30% of Hg in lake water is 2*?Hg
202Hg, in L658 lake water, ng/L

water depth, m

80 210 240 270 300 330 360
f Julian date, 2001
B 025
] I 0.50
Spike - o075
Trent Univ./Univ. Wisconsin | gg %




Me202Hg in lake water

By September, about 15% of MeHg in lake water is Me?%?Hg
Me?%?Hg, in L658 lake water, ng/L

water depth, m

Iao 210 240 270 300 330 360
Julian date, 2001 - o0
Spike . 00
Trent Univ./Univ. Wisconsin I 020
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202Hg in sediment traps [ ©f Hgy as

East Basin 7m trap

East Basin 9m trap
= West Basin 7m trap
— West Basin 13m trap

N
o

Within 6 days of spiking, 2”Hg began appearing in particles
in sediment traps and by late summer, comprised almost
50% of all Hg in sinking particles.




Percent of measured MeHg as excess 202MeHg
(1.e. due to added 1sotope)
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Source: M. Paterson et al.




Preliminary 2°?Hg Budget for Lake 658
(June — October 2001)

Load Evasion
Mass 19.8 ug/m? 4 to 6 pg/m? Outflow

accumulated in 1.5 pg/m?

eriphyton ? D>

Mass accumulated
in sediments <10m
1to 2 ug/m?



(ug/g) +SD

0.150

0.120

0.090

0.060

0.030

0.00
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* at this time
only 12 ug/m?
added to L658



What does it all mean so far?...

1. The conversion from Hg(II) to MeHg of
isotope added directly to the lake began
quickly (within weeks)

2. Too soon in the experiment to say where
the isotopic levels will end up in fish, and
when...



The timing and eventual magnitude of the fish
Hg response depends on where we are “on the
curve”...

=
Q
g
S
S
o
O
Q
=
o
O

st season




	Methylmercury production varies widely among ecosystems
	Hg methylation by Desulfobulbus propionicus
	How much will wet Hg deposition be increased?
	Lake 658 spikes with 202Hg in 2001

